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INFLUENCE MATRIX PROGRAM FOP

AERODYNAMIC LIFTING SURFACE THEORY

Richard T. Medan
Ames Research Center

and
K. Susan Ray

Computer Sciences Corporation

ABSTRACT

This document is a description of and users manual for

a USA FORTRAN IV computer program which computes an

aerodynamic influence matrix and which is one of

several computer programs used to analyze lifting, thin
wings in steady, subsonic flow according to a kernel
function method lifting surface theory. The most

significant features of the program are that it can
treat unsymmetrical wings, control points can be placed

on the leading and/or trailing edges, and a stable,
efficient algorithm is used to compute the influence
matrix.
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INFLUENCE MATRIX PROGRAPi FOR

AERODYNAMIC LIFTING SURFACE THEORY

Richard T. Medan
Ames Research Center

and
K. Susan Ray

Computer Sciences Corporation

INTRODUCTION

This document is a description of and users manual for
a USA FORTRAN IV computer program which computes an
aerodynamic influence matrix and which is one of
several computer programs used to analyze lifting, thin
wings in steady, subsonic flow according to a kernel
function method lifting surface theory. The most
significant features of the program are that it can
treat unsymmetrical wings, control points can be placed
on the leading and/or trailing edges, and a stable,
efficient algorithm is used to compute the influence
matrix.

Questions concern inc either this document or the
computer program or the associated computer programs
should be directed to:

R. T. Medan
Mail Stop 247-1
Ames Research Center
Moffett Field,
Ca. 94035
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Influence Matrix Program

2 PROGRAM DESCRIPTION

This program implements the algorithms discussed in

ref. 1 for determining the aerodynamic influence matrix

of a thin, lifting, planar wing in linearized, steady,

subsonic flow. (i.e., the downwash modes induced by

/he pressure modes). The program utilizes the new

technique (discussed in ref. 1) which requires fewer

quadrature points yet still calculates the influence

functions accurately enough to guarantee convergence
with, an increasing number of spanwise quadrature
points.

The types of wings wh'ich may be treated by the program

include asymmetric ones and ones with curved edges.
Also control points on the wing leading and/or trailing

edges may be handled. The wing geometry and spanwise

integration points are input to the program from a disk
file or tape (see section 5.1) created by the geometry

program (ref. 2). The influence matrix which this
program calculates is written on a disk file or tane

(AIM file, see section 5.2 for a complete description).

This AIM file is then used by the equation solving

program (ref. 3), which determines the coefficients in

the expansion for the lifting pressure coefficient,
Delta-Cp. Also the AIM file may be used by the

boundary condition program (ref. 4) and the planform

plotting program (ref. 5) since the wing control points

may be changed by this influence matrix program.

This program was designed to operate under a command

format. After some initial input is entered, the

program prints a + sign (in the conversational mode).

At this point the user enters a command. Then the

program performs an action associated with the command.
This action may consist of reading a variable or

variables, reading in the geometry of a new wing, or

beginning the computation of the AIM file for the

current wing.

This command format approach has been found to be

extremely flexible and to make the program very easy to
use. For example, it allows the user to enter data in

any order that he wishes and allows a conversational
user to correct mistakes easily since each command may

be given as many times as the user wishes. A complete

description of the available commands is given in
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Influence Hatrix Program

section 4.

Another particularly useful feature of this program is
that, with a single program run, the user can create
more than one AIM file. These files can be AIM files
for different wings and/or AIM files for the same wing.
AIM files for the same wing can differ from one another
because of changes in the Mach number or else different
choices for the number of spanwise integration points
or other integration parameters or else because of a
different set of control points. The ability of the
program to change the chordwise control points
arbitrarily and the spanwise control points to a
limited extent from those (default) control points
stored on the geometry file has been found to be
another very useful feature.
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3 USERS INSTRUCTIONS

3.1 INITIAL SETUP AMES' TSS SYSTEM

For either batch or conversational processing the
following TSS commands must be given. These commands

are required once and only once for each user ID. The

first three commands create the identification number
file named IWFILE. This file contains four zeroes in

binary form.

SHARE MEDAN,FSARTM, INIDFILE
CDS MEDAN,IDFILE
DELETE MEDAN
SHARE HEDANFSARTM,LSPROG.V1

3.2 CONVERSATIONAL USE ON AMES' TSS SYSTEM

All integer data should be entered in a 1615 format and

all floating point data in 8F10.0 format.

USER: After logging on enter the following:

AMES USYSLIB
JOBLIBS SYSULIB
JBLB MEDAN

It is not necessary to issue DDEFS for the

geometry, identification number, and influence
matrix files because the program issues its own

DDEF commands to TSS.

USER: CALL INF$

PROG: ENTER BATCH

USER: Enter carriage return for conversational mode.

PROG: ENTER ID1.

USER: Enter identification number of the geometry

file. If a negative number is entered, then the

most recent geometry file will be used. Enter

zero to terminate execution.

PROG: +

'4
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USER: At this point the user must begin entering
commands. After each command he should enter
the input, if any, associated with that command.
The program does not prompt for this input. If
the command is any of the commands except STOP,
START, or WING, the program will respond with
another + sign and the user must enter the next
command. With a STOP command, the program will
terminate. With a START command the program
will request a value for ODISK. If output on
the terminal is desired, enter zero. Otherwise
enter an integer from 1-9. The program will
respond by giving the name of the file where the
output wil'l be found. Then the program will
commence with the calculation of the influence
matrix. This may take many minutes on the AMES
IBM 360/67 since the calculation can be lengthy.
After the calculation has been finished, the
program will respond with another + sign. At
this time the user may make modifications to the
data and calculate another influence matrix or
else he may give the STOP command. After a WING
command the program loops back to the point
where it requests 101. After a WING command has
been given, the program resets variables which
have default values. This means that, for
example, if the user had given the NSTnPF
command once, he would have to give it again
after a WING command to retain the effect of the
NSTORE command.

3.3 TSS BATCH HODE

The batch mode operates the same as the conversational
mode with the sole exception that a "T" must be put in
column 1 on the first card (for the logical variable
BATCH). This "T" suppresses all subsequent
conversational prompts.
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4 DESCRIPTION OF COMMANDS

In all cases the first three letters of a command are
sufficient input. All integer data should be entered
in a 1615 format and all floating point data in 8F10.0
format. The input, if any, associated with each
command is to be entered on the following line in
conversational processing and in batch processing is to
be on cards immediately following the command card.
The same command may occur more than once. This is
useful in correcting data entered in error.

Although the commands may, for the most part, be
entered in any order the following command sequences
must be observed: PP, if it is to be given, must
precede the NMAX and CWITYPE commands. The START
command must precede the WING and STOP commands. The
MM command must precede the SWTYPE, KK, and MREF
commands.

Certain commands reverse their effect each time the
command is used. In other words, if the subject
commands are given twice, the effect will be the same
as if they were never given. Also the variables
associated with these commands are reset after a WING
command. This means that if, for example, the NOHEAn
command were in effect, the user would have to give
this command again following a WING command in order to
retain the effect of the NOHEAD command. The commands
which reverse their effect are: IWRITE, NSTORE, IWCCP,
IWSEP, SUPPRESS, CCI, NOHEAD, and NINT.

Besides resetting the variables associated with the
reversible commands, the WING command causes all other
variables to be reset to their default values. These
default values either come from the geometry file or
are set by this influence matrix program.

The commands which are the most important and basic
are: JJ, which adjusts the number of snanwise
integration points; MM and SWTYPE, which adjust the
spanwise control points; PP and SWTYPE, which adjust
the chordwise control points; START, which initiates
the major part of the computation; WING, which reads in
geometry data for a new wing; and STOP, which
terminates the execution. These and all of the other
commands are explained fully below:

6



Influence Matrix Program

CC

Effect: Causes chordwise convergence information to be.printed. For a typical case this command may
cause an additional 5000 lines of output, so
this command is not generally used except when
debugging.

CONTI NUE

Effect: Causes processing to continue in batch modewhen an erroneous command is encountered.
Otherwise execution will terminate. In the
conversational mode an invalid command message
will be issued and processing will continue.

CWTYPE

Input: CWTYPE (integer variable)
(CHICP(P),P=1,PP) (if CWTYPE<0).

Effect: Causes program to read CWTYPE, an integer
denoting the type of chordwise control point
distribution. (CHICP(P),P=1,PP) will then be
computed if CWTYPE >0 or read if CWTYPE<0.
(CHICP) is an array of PP elements giving the
relative chordwise location of the control
points (0._CHICP<1.). The control points
which are computed are the Wagner points if
CWTYPE=0 (fig. 1) or the Multhopp points if
CWTYPE>O (fig. 2). The accuracy with which
the downwash modes are calculated decreases
for control points approaching but not on the
leading and trailing edges. If this command
is not given the default chordwise control
points on the geometry file will be used.This command must be preceded by a PP command
if it is necessary to give a PP command.

DELTAO

Input: DELTAO

Effect: Causes program to read DELTAO. DELTAO is a
parameter in the spanwise integration
described in ref. 1. It has a default value

7
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of AR**2 where AR is the aspect ratio.

EPS

Input: EPS

Effect: Causes program to read EPS, an integration
parameter discussed in ref. 1. The default
value for EPS is .5.

WCCP

Effect: Causes printing of chordwlse control points.
This printing will not occur until after the
START command has been given.

IWRITE

Effect: Causes printing of the influence matrix.

I WSCP

Effect: Causes printing of spanwise control points.
This printing will not occur until after the
START command has been given.

JJ

Input: JJ

Effect: Causes a new JJ to be read. JJ is the number
of spanwise integration points. The default
value is JJMAX, which is a number read from
the geometry file. If necessary, JJ will be
adjusted downwards until MOD(JJMAX+1,JJ+1)=0.
This adjustment is necessary because the
integration points used must be identical to
or a symmetric subset of the integration
points which are on the geometry file.

KK

Input: KK

Effect: Causes new KK to be read. KK is the maximum
order of the spanwise pressure modes. The
actual number of modes computed is equal to KK

8
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unless MODES<O (see below). This command must
follow the MM command if KKIMM, otherwise this
command is not needed.

LMA

Input: LMAX

Effect: Causes program to read LHAX, which is the
maximum number of chordwise integration points
which should be used (excluding the point on
the leading edge). This number will be
adjusted downwards until LMAX+1=(LMIN+1)*2**I
where I is an integer. It will also be
adjusted downwards until it is as small or
smaller than LMXMX in subroutine INITAL.
Currently LMXMX = 511. This relationship
occurs because of the nesting of the chordwise
quadrature points (ref. 1).

Input: LMIN

Effect: Causes program to read LHIN, which is the
minimum number of chordwise integration points
which should be used. If this command is not
given then LMIN will be computed according to
the type of chordwise control points which
will be used. If CWTYPE<O, then the program
assumes LMIN=1. If CWTYPEO, then LHIN will
be computed so as to align the chordwlse
control points with the chordwise integration
points. The latter improves the convergence
rate of the chordwise integration when the
distance between the spanwise control and
integration points is small.

Input: MACH (floating point)

Effect: Causes program to read a new Mach number. The
default value is the value stored on the
geometry file.

MM

9
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Input: MM

Effect: Causes program to read MM, which is the number
of spanwise control points. The default value
for MM is the value of NF stored on the
geometry file. This command also sets KK
equal to MM and MREF equal to MM, so, if the
KK and/or MREF commands are to be given, they
should follow this command.

MJODES

Input: MODES

Effect: Causes program to read MODES, which denotes
the type of spanwise pressure modes to be
used. The default value is 1, which causes
both the symmetric and antisymmetric downwash
modes to be calculated. If MODES<O only the
antisymmetric downwash modes will be
calculated. If MODES=O only the symmetric
downwash modes will be calculated.

RE F

Input: MREF

Effect: Causes program to read MREF, which is a
reference number for the calculation of the
spanwise integration points. MREF is the same
as NN in the geometry program (ref. 2) and is
explained therein. Also see the explanation
of the SWTYPE command. If MREF=MM this
command is not needed. If MREFtMM then this
command should be given after the MM command.

Effect: Causes number of chordwise integration points
for each control point and spanwise
integration point to be printed out.

Input: NMAX

10
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Effect: Causes program to read NMAX, which is the

number of chordwise pressure modes. The
default value for NMAX is PP. If NMAXtPP,
this command must follow the PP command. If

NMAX=PP, this command is not necessary.

NOHEAD

Effect: Suppresses the case information which is

ordinarily printed after ODISK is entered and

just prior to computing the influence matrix.
This command is generally only used in the

conversational mode when the output is at the
terminal and then it serves to decrease
terminal time.

NSTORE

Effect: Causes the program not to create an influence
matrix file. This command is generally only
used when testing the program and frequently
is used with the IWRITE command.

PP

Input: PP

Effect: Causes program to read PP, which is the number
of chordwise control stations. This command
also sets NMAX equal to PP, so if the NMAX

command is to be given, it should be given
after the PP command.

START

Effect: Causes the program to print a page of heading
material containing the integration parameters
and other information and then starts
computation of Aerodynamic Influence Matrix.

As the computation is being done the influence
matrix is stored PP rows at a time (if the

NSTORE command has not been given).

Effect: Terminates execution.

11
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SUPPRESS

Effect: Causes suppression of warning messages
occurring because the chordwise integration
fails to converge.

SWTYPE

Input: SWTYPE (integer)
(NINDEX(M),M=1,MM) (if SWTYPE40)

Effect: Causes program to read SWTYPE, which is an
integer denoting the type of spanwise control
points. If SWTYPE=0, then the usual Multhopp
distribution will be used. If SWTYPE0O, then
the array (NINDEX) will be read and the
spanwise control points will be given by
COS(NINDEX(M)*3.14159.../(4REF+1)) for
M=1,2,...MM. This command should follow the
MM command, if the MM command should be given.

Input: A TSS command of 80 characters or less.

Effect: The command is passed to the AMES' TSS
operating system. After the system processes
the command, control returns to the program.
This command is a special one for the AMES'
TSS version of the program.

WLLK

Effect: Causes program to request a new value for ID1
so that another wing can be processed. All
variables and commands are reinitialized after
this command is given.

12
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5 SAMPLE TERMINAL SESSION

A sample terminal session on the AMES' 360/67 TSS

computer system is given in this section with

additional comments added in parenthesis. During this
session 3 aerodynamic influence matrices for an AR = 2
wing were computed.

For the first influence matrix the default control

points and integration stations were changed. For the
second influence matrix everything was the same as for
the first except that the Mach number was changed.
Both matrices were printed out, but not stored.

For the third matrix the default integration stations

and control points were used.. The defaults were easily
restored by using the WING command. This matrix was

computed and stored, but not printed because of its

large size.

The following example was reproduced from an actual
terminal session:

LOGON userid,password,terminal id
AMES USYSLIB
JOBLIBS SYSULIB
JBLB MEDAN
CALL INF$
(The influence matrix program is now in control.)
ENTER BATCH
(carriage return)
ENTER ID1

4
+

IWRITE
+

JJ
47

+

PP
3

+

CWTYPE
0

+

MM
3

13
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+

I WCCP
+

I WSCP
+

NSTORE
+

TSS
CPUTIME?
0.765 SECONDS

+

START
ENTER ODISK

1
OUTPUT IS ON ...OUTPUT.AIM.N1...
I12= 0
(Now the program prints output and computes the
influence matrix.)

+

TSS
CPUTIME?
2.978 seconds

(By subtracting the previous CPUTIME from the one
above, the user may determine how many CPU seconds it
took to calculate and store the influence matrix
prog ram.)
+

MACH
0.8
+

START
ENTER ODISK

2
OUTPUT IS ON ...OUTPUT.AIM.N2...
I D2= 0

TSS
CPUTIME?
4.944 seconds

+

WING
ENTER ID1

+

I WCCP
+

I WSCP

14
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+

TSS
CPUTIME?
5.355 seconds

START
ENTER ODISK

3
OUTPUT IS ON ...OUTPUT.AIM.N3...
ID2 = 5
(The 'influence matrix will be on the file named

AIM.X004.X005 .)
+

TSS
CPUTIME?
59.450 SECONDS

+

STOP
TERMINATED: STOP
(The operating system is now in control.)
PRINT OUTPUT.AIM.N1,PRTSP=EDIT,STATION=RMTO5
PRINT BSN=????, ??? LINES

PRINT OUTPUT.AIM.N2,PRTSP=EDIT,STATION=RMT05
PRINT BSN=????, ??? LINES

PRINT OUTPUT.AIM.N3,PRTSP=EDIT,STATION=RMTO5
PRINT BSN=????, ??? LINES

LOGOFF

15
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6 INPUT FILES

The following disk files are read by the program. The
Ames' TSS version of the program issues its own DDEF
commands for the files, so none need be given. For
other systems appropriate control cards will have to be
supplied for units 7 and 9.

6.1 GEOMETRY FILE

This file is a variable record length file and is read
from unit 7.

The first record contains identification and title
information including the number of control points and
integration points.

The next record contains the chordwise control points,
the array of indices from which the spanwise control
points are derived, the tangents of the wing edge sweep
angles at the integration stations, etc. For a
complete description of this file see Ref. 2.

On the AMES' TSS system this file has the name GEOM.XI
where I is the numerical value of ID1.

6.2 IDENTIFICATION NUMBER FILE

This file is read from unit 9 and rewritten on unit 9
and contains identification numbers in binary form.
The second number on this file (ID2) is incremented by
1 and then the file is rewritten using the incremented
value of ID2. ID2 is the identification number which
will be used for the aerodynamic influence matrix file.
It is printed out with the heading information for each
case.

On the AMES' TSS system this file has the name IDFILE.

16
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7 INFLUENCE MATRIX (AIM) FILE

This file is a variable record length file and is

written on unit 11. The Ames' TSS version of the

program issues its own DDEF command for this file, so

none need be given. For another system appropriate

control cards would have to be supplied for unit 11.

The first record contains identification and title

information plus information about the size of the

matrix and location of spanwise and chordwise control

points.

The second and subsequent records contain the influence

matrix itself.

On the AMES' TSS system this file has the name

AIM.XI.XJ where I is the numerical value of ID1 and J

is the numerical value of ID2.

The specific information stored on the file is the

following:

FIRST LOGICAL RECORD

ID1 Identification number of the geometry file.

ID2 Identification number of AIM file.

NSEQ This integer no longer serves a practical

purpose.

(TITLE) Titling information of up to 80 characters.

This array is 26 integer words long.

NTITL Number of words in TITLE to be printed.

PP Number of chordwise control stations
(integer).

CWTYPE An integer denoting the type of chordwise

control point distribution.

MM Number of spanwise control points.

MREF A reference number for the calculation of the

spanwise integration points.

17
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SWTYPE An integer denoting the type of spanwise
control points.

NMAX Number of chordwise pressure modes.

KK Maximum order of the spanwise pressure modes.

MODES Denotes the type of spanwise pressure modes
whose downwash modes have been calculated and
are stored on subsequent records of this file.

UNSYM Integer which, when not equal to 0, indicates
an unsymmetric wing.

LMIN Minimum number of chordwise integration points
which was used.

LMAX Maximum number of chordwise integration points
which was used.

JJ MAX Maximum number of spanwise integration
stations.

JJ Number of integration points which have been
used.

MACH Mach number.

EPS An integration parameter.

DELTAO A parameter in the spanwise integration.

(CHICP) An array containing PP chordwise stations at
which the downwash modes have been determined.

(NINDEX) An array containing MM integers for computing
the spanwise control point positions.

(ETACP) MM spanwise stations at which the downwash
modes have been determined. Although (ETACP)
can be derived from (NINDEX) and MREF, it was
considered convenient to store these points
despite the redundancy.

18
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NEXT IMP RECORDS

(((ALFA(N,K,P), t=l1,Nl"AX) ,K =tKL,KK,KJlUMP),P=1,PP)

Where KL=1 if ODES>0 or KL=2 if MOnES<0O an. K1J.!P=1 if
.1ODES>0 or KJ JMP=2 if tHODES<O and ..MP="1.M i4 the win. is
unsyrirletrical 1 or HMP =(.MM+1)/2 if the winp is
symmetrical and i1ODES>O or HMP=1lW/2 if the wing is
symmetrical and ,IODES<O.

19
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L.E. T.E.

Figure .- The Wagner (CWTYPE = 0) chordwise control point distribution for PP



L.E. T.E.

Figure 2.- The MULTHOPP (CWTYPE > 0) chordwise control point distribution for PP = 4.
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OUTPUT FROM SAMPLE SESSI I
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OUTPUT.AIM. N2
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(ALFA(;o to 31.rP:l N AAY)
1'.142PO63 0.6i8J333i 023t8

2* 9322974 *5901154O.854S

3473g1.5916157 4o,1686~7%

FTA=~.OOOOOOO CHIzo*noOOOOO gu.NT.PTS.z ~33

CALFA p I, 1 ) iNa p N!,AX.)
o0 7352b7l 02515 0 ., 31 69 462-

(ALFA(Nt 3# 1 #=,NAy

.1.15224 0.1)4224 0.773965



F7A=0,0000000 CH1=4j9Q999 &jPTS 0 aLion, v

(ALFA(Nf , 2)pNl N j t0AYj

1'028i5hb 0,2500033 014638452
AL FA( N ,  2 2), N=1,N Ay)

,oo0000000 0,0000000 ooo0on
(ALFACN 3, 2,N,NmAX)

.2,5433286 .0,7500028 .0,7731673

ETA:.0,0000000 CiI:I,0000000 ,tNT,PTS.= 320

C(A FA(, 1,. 31,N=1,N . AX)

1,1878049 0,7561866 -0.3469412
(ALFA(N, 2, 1),2:1,NMAW)

0 O000000 0,0000000 0.000000
(ALFA(N, 3, 3),N , "A V)

.3,.0928598- .1.66642203 0.2773957

TKIT. POViT T T4AL. 2152



DETERMINATION OF . AEfDYNAMIC.. NFLUENCEL-U slsXr.

TITLF u RECTANGULAR *ING AR a 2 11-13-73

TD? = 2
ISFO = 1
PP .. 5.
CwTYPE m=

MREF =
SWTYPE =
NMAX y 5
KK .i 4-
MODES a
UNSYV 0
LMIN = .
LMAX = 511
JJMAY 3 191
JJ.... ... .... 9 . . . .....9..... ... .......
SELTAO = .00.000
FPS a 0,50000
MACH = 0,0000
INFSTO = 0
(CHI P)

-0,000000

0.500000
0 5.3553'
1,000000

I I JDEX LTA
1 1 .0,965.93..
2 2 0,86603
3 3 0,70711
4 4 0,50000
5 5 0.25882
I 6 -0.00000
7 7 .0,25882
8 8 -0,50000
q q -0.70711

10 10 -0,86603
11 11 -,0.965b93



STARTING 2000 M LOOP

ROwS 1. 5 HAVE BEE , STOEr)

ROWS 6_10 HtVE BEEN STORED

R WS 11-15 HVE BEENi STORED

RO S lh-20 H&VE 1LEN STURLD

PowS 21~.5 HAVE PEEN STOED

RCwS 2b-30 r-,VE BEE STORE!'

TNr. POtNT TnTAl 599 1



UNIISil WVbUUbd

II-XIU143ddV



DOUsLE PRECISION EYao PSY0 ETAO @KW AoCSENLoALVA
XNYEGER PPoCtPEYPW YT oM 0LUY 0 UU UU UoU2
NTYEGER ODIS~, urO

LOGICAL CONTINSUPRESNOeCX0 NINT
LOGICAL FRESCONVRSB ATCt
REAL IRREGE,IRREGI,MACH
REAL 19
REAL JJZo MODS, MMS, MRESO NASO LMAwo LMIo 443 NSTs3 jW9

IlWC39 I SSo MACS NONo NIN3
DIMENSION TITLEg26)o CHICP2Z0)o NINODEUmV)
DIMENSION EYA(38)o STHETA(384)o xI8Ipe383)o CORDIp(393)
DIMENSION TLEL(383)~TLFR(383),TTEL(383),TTER(303)

C,,,,,DIMENSION IRREGE AT LEAST AS GREAT AS 6*NMAXa4K,
C,.*,*DIMENSION IRREGI AT LEAST AS GREAT AS NMAX*PPo
C.,,,,DIMENSION ALFA AT LEAST AS GREAT AS NMAX*KK*PPo
..,,,,DIMENSION ALFA2 AT LEAST AS GREAT AS NMAX*KK*PP

DIMENSION IRREnE(1800)IRREtI(25)
DIMENSION ALFA(~000)
DIMENSION ALFA2(2000)
DIMENSION IKea7)
nIMENSION SK(47)
DIMENSION GNL(10)
DIMENSION. GPNLtli)
DIMENSION GNT(I0)
DIMENSION DHNDX(200)
DIMENSION HNYZRO(?00)
DIMENSION SINFS(B8)
DIMENSION STINES(e8)
DIMENSION tTOTP20)
DIMENSION NINTP(20)
DIMENSION G(5120) XP(512)p HHN(10)
DIMENSION ETACPr(7)
COMMON PT
COMMON LMAX,LPwRLMINLMAX ,GXP

COMMON x YS 9DELTAHHNNMAX,SUPRES,NOCCo RLLMINoUh6LTOTAL
EQUIVALENCE CALFA2PIRREGEPETACP
DATA Us U7,U20OU11/5, To 9 11/ , UCt /6/
DATA COM /4H /



DATA WINS / 3HWIN /

DATA CONS / AHCON /
DATA STOS / 3HSTO /
DATA DELS / 3HDEL /
DATA JJ S / 3HJJ /
DATA MODS / 3HMOD /
DATA PP s / 3HPP /
DATA CWTS / 3HCWT /
DATA MM S / 3HMM /
DATA MRES / 3HMRE /
DATA SWTS / 3HSWT /
DATA NMAS / 3HNMA /
DATA LMAS / 3HLMA /
DATA LMI$ / 3HLMI /
DATA KK S / 3HKK /
DATA NSTS / 3HNST /
DATA IWRS / 3HIWR /
DATA IWCS / 3HIWC /
DATA IWSs / ;HIWS /
DATA MACS / 3HMAC /
DATA SUPS / 3HSUP /
DATA CCI / 3HCCI /
DATA NOHS / 3HNOH /
DATA NINS / 3HNIN /
DATA sTAs / 3HSTA /
DATA TSSs / 3HTSS /

PIu3. SZ1592653589793 OS
U6 a UCO

C,,,,,CONVRSn,TRUE " FOR CONVERSATIONAL USE, SET CONVRS TO

C,.,,FALSE, FOR BATCH.
wyITF(U6,2024)
REAO(U,6) BATCH
CONVRS. NOT BATCH

20 CONTINU ,
IF(CONVRS) WRITEUCOP2028)
READ(U5S5) D10

C.,,,,AIMFIL IS FOR AMESI TSS VERSION ONLY, AIMFIL ISSUES DDEF COMMANDS TO TSS,

C



CALL GL.MFILCIDI)
REWIND U7
READ(UT)TDIPPMMCWTYPEOSWTYPEoUNSYMOND4;NDTsMREF#JJMAX#ITITLEON,
ITOL
READ(U7)(CHICP(I)olalpPP)#(NINDfxtl)plzlpmm) p
l(TLLL(J)#J*lvJJMAX)# (TLER(J)p4XlfJJMAX)#
l(TTEL(J)PJSIOJJMAX)#(TTERCJ)ojui#JJMAXio
l(ETA(J)#JmjojjMAX), (STwETA(J)tjxlpjjMAX)l

l(XSILIP(J)#jvjpjjMAX)v (CORDIP(J)pj*l*JJMAX),
IDUM*DUMiARDUMRMACW

ENDFILk ul
35 cONTINUE

NmAXzPP
KKUMM
FPS2.5

DELTAnpAR**2
JJcJJMAX
MODE$*j
NSEQ=6
LMAXxo
LMIN*()
iNFSTOro
IWRITEvo
IWCCPco
lwscpo()
CONTIN*CONVRS
SUPRE So, FAL.Sf
NOCC I a' * TRUE,
NOHEAD .0
NINTv,;ALSF,.
JJMAxlxJJMAx+l
jjtxjjmAxi
MkFFIaMRFF*l
MACHaRMACH
MCAL, C a I

SP CONTINUE
IF(CONVRS) WRITE(UCO#3)
READ(US01) Lom
IF (COM EQj WINs) GO To 2n



IF (COM ,EQ, CONS) GO TO s0
IF (CON ,EQ. STOS) GO TO 10t
IF (CON ,EQo DELS) GO TO 110
IF (COM ,EQO EPSs) GO TO 115
IF (COM ,EQ, JJ s) GO TO 120
IF (cOM ,EO, MOos) GO TO 130
IF (CON ,EQ, PP s) GO TO 140
IF (COM ,EQ, cwTS) GO TO 150
IF (COM ,EG, MM $) GO TO 160
IF (COM ,EQ. MREs) GO TO 170
IF (COM ,EQ, SwTs) GO TO 180
IF (CONM Ee, NMA$) GO TO 190
IF (COM ,EgQ LMAS) GO TO 200
IF (rOnM Eg, LMIS) GO TO 210
IF (CONM EQ. KK S) GO TO 220
IF (COM ,to, N5Ts) GO TO 230
IF (COM ,EG, IwRs) GO TO 240
IF (COM ,EQ, IwCs) GO TO 25n
S I (OM ,OEg, IwSS) GO TO 260
IF (CON ,E*Q MACS) GO TO 270
IF (COM ,EQ, SUPS) GO TO 280
IF (CON ,Eo, Ctts) GO TO 290
IF (COM ,EO, NOHS) GO TO 295
IF (COM ,EG, NINS) GO TO 296
IF (CON ,EQ, STAS) GO TO 300

C
C,,,,FOR AMESt TSSS VERSION ONLY, ALOWS TSS COMMAND TO BE ENTERED

IF (CON ,EO, TSSs) GO tO 60
IF(rONVRS)wRITE(US.2023)COM
IF(CONVRS) GO TO S0
WRITE(U6,2023) COM
STOP 13

60 CONTINUE
READ(UST,) (ETACP(I),Iuzi2n)
CALL OBEY(80OETACP)
0 TO So0

80 CONTINvNOT,CONTIN
0 TO So



100 CONTINUE

110 READ (Ubo4 )OELTAO
GOTo So

115 READ(U5,J )EpS
GO T'O Son

120 READ(USfS JJ
JJxMyNO(JJ#JJMAX)
JJIBJJ*1
DO 122 llJJMAY
IFcMODeJJMAX19 JJI),tQ,0) GO TO 123

122 JJIuJJI.1
123 JJoJ411l

6O Td So
ISO READCU~oS )MODES

GO TO 5n0
140o READ USFS5 )PP

NmAxaPP

00 ISO READ(LJ5D5)CWTYPE

Go To So
152 IF(PP-2)t56#155#153
153 IMAXiPPwI

OTHETAsPX/FLOATCPP-1)
D0 154 1*2,IMAY

15" CP4CP(I)u(i eCOSCPLOAT(Iu1)*DTH4ETA) )/Z,
155 CHICP(PP)x1,

r.0 TO SO
157 DTHETAsPIFLOATtrPPPP+1)

DO 15$ 1ul,PP
IS$ CHTCP(?):( 1,.COS(FLOAT(1.I)*DTHETA))/R,

GO TO 50
160 READ(U5,5 )MM

KKmaMM
MRF7aMM
MREFIxMREF,1



GO To so
lit) READ(USO5) MREF

MRE~gMAXO( I PtREF)
MRFFMINP(MRFJJ)
MREFIaMREF,1
DO I73 1*10JJ
jF(M0D(4j1,MREP1),ErQgOj GO TO 17S

113 MREFIIMREFjI1

17.5 MPEFxMREFI-1

180 RAD(US* )SWTYPE
IPCSwTYPE.) 182FIS85.162

W8 REA6(U5,5 )(NINDEX()o1)mlomm)
&SS O TO 5o

i5DO 187-12toMM
67NINOEX(Ilel
17GO TO so

1go READ(USoS )NMAX
GO TO 50

20READ(U5,5 )LMAX
GO TO So

210 PEA-DU5,5 )LMIN
GO' TO 50

220 READO(U5, )IKK

GO TO SO
230 INFSTO*MOD(INFSTO4 ,2)

GO TO SO
24o lWRlTEw~nDcIWRITIF41,2)

GO TO So
25o lWCCPuMODC!NCCPe u2)

GO to so
260 IWSCPNMOD(IWmSCP+IP2)

GO TO SO
270 REA~tUSP4 )MACH

go TO So
280 SUPRFSuNOT.SUPRFS

no To So
290 NOCCIU.NOT.NOCCI

C.0 TO So



29S NOHEADnMODeNOMEAD.1p2)
96GO TO '5ft
29 NNTaINOTeNI NT
30GO TO So
3cCONTINUE

NSEGUNSEQ41

IF(INFSTOsNF,0)GO.TO 303

C,....FOR AMESI TSS SYSTEM ONLY, DEFINES DSNAME OF IDFILE.

C CAL L 0OBEYC22saUMDDEF FT09FOOIoeIDFILE

REWIND U20
READ(U?0) ID# ID2#1D3,1D4
1026ID2+1
REWIND U20
WRITE (U20) I~oID2#ID3o1D4
EN(OFILE UaM
CALL OAEYCI6,I6HREj_ EASE FT09F001 I~

l~lIF (NOHEADONE.0) OPITEcUcO,2027) ID2

3o3 CONTINUE
IF(CONVRS) WRITEtUcovan2g)
READCUS#S) ODISK
IFCOOISK.Eg.0) GO TO 304

ODISKmMOD(MAX6(1,ODISK)g 10)
WRITF(UCOU?026) OD13K
CALL OBEY C16,1bHRE4EAsE FT0'4F0o1 ~I
CALL CVRT(ODISKe1,
1 411M(900EF FT04F001,,OUTPUT,AIMN,I1,~hX)
2ETACP#68Hf$rA4))
CALL OBEY (32oETACP)
REWIND U6~
IF(CONVRS)WRITE(UCO,?027) ID2

304 CONTINUE
CALL INITALCCWTYPEpPP)
IF(NOHEAD.NE.0) GO To 31fl
WRITFCUboa000)
WRITE(Ub#2001) CTITLF(N)oNWINTITL)



WRITE(Ub*2O02) I11ID2,NSEQ
WRITE(U8,2O03)PP9 CWTYPE

wRITE(Ub*2004) MMt MREFP SWTYPP
WRITECUbe2005) NMAK, KK# MmDESo UNSYM
WRITECU602006) LMIN, LMAX
WRITE(Ub,?007) JJMAXPJJ
wRiTEtUbP2008) DELTAO.EPSPMACH
WRITF(UbP2009) INFSTO
IF(IWCCP.NE,O) WRITE(UbpZoIo) (CHICP(I), I11 PP)
IF(IwSCP.EO.05 C.O TO 310
JRATIDgJJMAXI./MREF I
WRITF(UbP,21)
DO 305 iU1,MM
JaNINDEX eI)*JRATIO
ETASxETA tJ)

305 WRITECUbpZO?2) IoNINf)EX(l)*ETAS
310 CONTINUE

IF(MOD(JJMAXijjI)'NE 0)PAUSE'.21

IF4MOD(JJloMRFF1) qNj,5 ) PAUSF ll
IF(INFSTO *NFo0) Go TO 340

Co,.... COMPUTING SPANWiISE CONTROL POINTS FOR AIM FILE', THE

C99,04ONLY FLACE ETACP IS USED 1S IN wRITING THE INTRODUCTOlRY

C#....RECORD OF THE AIM FILE'.,
JRATTO:JJMAXI 1MRFF I
DO 312 Ig,mM
J*NINDFWt I)*JRATIO

3P ETACP(I).ETA(J)

C..... FOR AMESi TSS VERSION ONLY'. AIMFIL ISSUES D0EF COMMANDS TO

C,....,THE TSS OPERATING SYSTEM.

CALL AIMFIL(IDI102D)

W.RITFCU1 1) lot ifo~NSEQTITLE,NTITLPPDCWTYPEMMpMREFSWTYPEoNMAX,.
IK~(MOESUNSYMLMINPLMAXe JJMAXpJJ, MACHPEPSDELTAO#

I(CHJCP(I),jxiPP~, CNINDExCI)e Iu1,MM)p
I (ETACP(I)pIuIMM)

34ne CONTINUE



NM A RNMA K
MM ISmm4
CALL INFMAT cMMMRFFPPPNMAXRUNSYMuKM~rpESJJMCALCJJMAXu INF$TO,.

1PiwkTEU5,U1 1,MAC~,DELTA0,ETASTHETA.X8ILIPpCORDIP,C4ICPuNINDEXONIu
INT, IRREGE,!RREGIALFAALFA2, IKSKGNLGPNLprNTDHNDXMNYZROI
IMmt1,JJMAxitI SNESCS!NESLTOTPNINTPEPSTLEL, TLER, TTEL. TTER)
ENmF ILE L111I
GO TO So

I FO0RMAT(A3)
I FOkMAT(PH

4 FORMATW810,0)
5FORMAT(tbI5

6 FORMAT(LI)
7 F0RMAT(20AJ)
2000 FORMAT(1HI/47H0DETERmINATIQN OF AERODYNAMIC INFLUENCE MATR~IX ,
2001 FOIkMAT r6H0QTLpUX,'hHx #20A41~
2002 FORMAT e4HOIPI ,bX, ~INK /dH Ifl2,6X, INS1/51 N$EO,5X, INS, I5j

203FORMATe3H PP,7Xp 1HxpI5/7H CWTYPE#3X,1 wz015,
.28004 FORMATt3H MMsXflH:,IS/SH MREF05XIH201S/7N SWTYPE,3X,IHPSI
'J200S FORMAT(SH NMAX#SX.IHzp15/34 KKpYK,114,I5/bH MODE5,pJXp1N:,15/bN UNS.

1yMpgX, 1t45e !5
2006 FORMAT(5M LMINpbyoiM:.IS/5W LMAX#Sx,1IHX#151
2007 FORMATfbH JJMAXo4SX#IHX#I5,3H JJp7X#IHUIS)
2008 FORMAT CTM DFLTA0,3X, iNPFI I ,S/'H FPS,6X, INzF1 15/

1I..i MACHSX IHN,FI 1 .b
2009 FORMATe7H INFSTO,3XplNaIb)
2020 FORMAT(8H (CHICP)/( 1EF1O*6))
2021 FORMATeIQM I INU.EX ETA)
2022 FORMATCIXp1I4vj5vFIO,5)

2023 FORMATr2SIH UNRECOGNIZED COMMANDI S~
2024 FORMATeI3H ENTER iS*TCH
2025 FORMATCI3M ENTER ODISK
2026 FORMAT(2qf4 UUTPUT IS ON ,.,OUTPuTAIM, N flpHq
202? p0RMAT(SH 1023, 13)
2028 FO$RMAT(13N ENTER~ 101

END
SUADRUTrNE INFMAT (MMe4REpPPoeNHAXRUNSYMKfvMOESJJMCALCeJJMA~, I
INFSTO. IWRITE,USUI I MACH,DELTAOETApSTHETA. XSILIPCORDJPCHIlCP.NIN

I0Ex,NINT,1RREG(f,!RREGIl,AI.FA,ALFA2,1K, SKO GNLp GPNLt rWT0



IDMNDX, HNYZROp MMI, JJMAXl, SINES, CStNES,LTOTPp NINTP,EPS

ITLEL,TLERoTTELTTER)

DOUBLE PRECISION ETA,PISTHETASINESCSINES
DOURLE PRECISION DKDK2,DETA,DETA2,8JM,RJJI,Y,ALFARJJIa
INTEGER PP,CWTYPESWTYPEUNSYM,USU6PePLPUTJRATOTJJMXITJXIMIp

lUll GTOTAL
LOGICAL SYMASYMTLE,TTE,TINTNOTLNOTTNOTIMNZERONEISUPRESNOC
lCININT
REAL IKt IRREGEIRREGIMACH,JOLMPJOLP,JILMJILPJITMJ

t TP
DIMENSION NINDEX(MM)

DIMENSION CHICP(PP)
DIMENSION ETA(JJMAXI)
DIMENSION STHETA(JJMAX)

DIMENSION XSILIP(JJMAX)
DIMENSION CORDIP(JJMAX)
DIMENSION TLELJJMAX), TLER(JJMAX), TTELeJJMAX)

DIMENSION TTER(JJMAX)
DIMENSION IRREGE(2,3pNMAXRKK)
DIMENSION IRREGI(NMAXRpPP)

DIMENSION IK(MM)

DIMENSION SK(MM)
DIMENSION ALFA0NMAXRIKKPP)

DIMENSION ALFA?(NMAXRIKKPP)
DIMENSION GNLCNMaXR)
DIMENSION GPNL(NMAxR)
DIMENSION GNT(NMAXR)
DIMENSION DHNDX(NMahXRPP)
DIMENSION MNYZRO(NMAR.PP)
DIMENSION SINES(MMI)
DIMENSION CSINES(MMI)

DIMENSION LTOTP(PPI
DIMENSION NINTP(PP)
DIMENSION G(5120)o XP(Si2)p, HN(10)
COMMON PI
COMMON LMAXLPWRLMINLMAXlIGXP
COMMON XYSDELTAHMNSNMAXOSUPRESNOCCIRLLMINUALTOTAL
DATA C1/16366197723/
DATA C2/..3183098861/
DATA C3/1,2752395S5/



DATA CO/*,6366197723/
DATA CS/i,3333333/
DATA Cb/ U501581570/
DATA Cl/6,3OoloS4386/
DATA Cg/*125/
DATA C9/..1o386294361/
DATA CIO ,9333333 F,.1/
DATA ClI/.,0625/
DATA C12/.,25/

MRATIgxJJMAX1/CMRFF+1)
JRAT IOuJJMAXlI/JJI
TJRAtO3JRATIOJRATyO
FTA (JJMAXI olI.00
STHETA(JJMAXI )*O.Do

C ..... GTOTAL WILL sBE THE GR~AND TOTAL OF THE NUmf4MER OF
C .....INTEGR~ATION POINTS USED FORf ALL TkE CONTROL POINTS,

GTOTAL *n
IF (UNSYM) 110,1000110

100 SYMB 0TRUF.
MMP.(HM.1 )/2
IFcP40DES.LT.O) MMPvMM/2
GO To 12A

110 SYM xsFALSF,
t4MPumm

120 A$Ym:,NOT,SY4

TJJMXlcjjt4AXI+JJMAYI
TJX1M~aTJJMX1wI

Cose ...mODESLT~o ... JDD MODES
Cllv.. mOI'ES.EG,0* ...EVEN mOn~ES
C* * .MODESqGT*Q, ,,ALL MOVES

130 KLx2
KjuMmp
GO TO 160

14 Let
l(JtuMpgp
G~O To 160



150 KLul
KJUMPua

160 CONTINUE
MNZEROsMACHNE,0 ,
RETAal,
IFtMNZERO)ETA!SQRT(.o-MACH**2)
TBETAu2,0BETA
BETA2aBETA**?
NFvlNMAX ,Q 1
TLEsCHICP(1),LT,I, F6
TTEsCHICP(PP),GT ,999999
TINTs(PPGT2)OR, (PPEQ,2 ,AND,(,NOTTLEOR..NOTTTE)),OR, ,NOT.
I(TLEOR,TTE)
NOTLeNOT,TLE
NOTIvNOT,TINT
NOTTuNOT,TTF
PLat.
PU=PP
!F(TLE)PLua
IF(TTE)PUsPP-1

C..,,.COMPUTING QUANTITIES ASSOCIATED wITH CONTROL POINTS
C,,,,,ON LEADING AND TRAILING EDGES (EGS' 52,S3,669 AND 67)

GNL(I)wCI
GPNL(1)*C2
GNT(I)aCt
IF(NE1) GO TO 250
DO 200 N92,NAX
GNL(N)v0
GPNL(N)aC3*FLOAT(N-l)
GNT(N)uSIGN(GPNLcN),SGN)
SGNS-SGN

200 CONTINUE

250 CONTINUE
IF(NOTI)GO TO 305

C,,....COMPUTING QUANTITIES ASSOCIATED WITH INTERIOR CONTROL
c.....POINTS (FQS, 63 AND 64)

00 300 PUPLPU
X820*CmlCPP)*t,



PHIARCOSC.x)
SPHIaSQRT(1,.X**2)
DHNDXf(IP)oC4*(C19X)/SPHI**3
IF(NEI)GO TO 300
D00 290 N2,NMAX
OUMIN.1
DHNDX(NpP)aCt*DUMI*COS(DUMI*PHI)/SPHI

290 CONTINUE
300 CONTINUE
305 CONTINUE

RJJjuJJt
RJJI'4L,25D0*JJI
DLLCONsDELTA0/RJJ1**?

C,.,.,DETERMINING HN OF FQG I FOR THE CASE Yw0'
DO, ~5 Pt,IPP
x2,*CHICPtP)-,
CALL INFZY(X#NMAX#HHN)
D00 30 NalNMAX

aE 30 HNYZRO(NP)iHN(N)
* WRITe (Ue I)
C**** ***** ***** *

DO.2000 MIMCALCMMP
MnNINDEX(M)*MRATIO

C..,,,LTOTP(P)INUMnER OF INTEGRATION POINTS USED OVER THE

C,,,ENTTyRE SPAN FOR EACH CHOROWISE CONTROL POINT LOCATION,
D00 360 PalPP
LTOTP(P)uO

36 CONTINUE
IF (NINT) W1ITE(U.7f)M
BB2CUBETA/CORDIP(M?)

ETAMSUETA(Mj)
IF (NOTL) GO TO 500

C,,,,,COMPUTING QUANTITIES ASSOCIATED WITH LEADING EDGE

C .... CONTROL POINTS AND WHICH VARY AS THE SPANWISE POSITION VARIES,
TANLELxTLELth2)
COSPHI.BETASORT(BETA2+TANLEL**21
EM,5*,(I,+TANLEL*COSPHI)
EMCOMPt..EM



DUM138UOIMI*63
C9,,,.EOS 74 AND ?S

JOLMm4' * BDUM1*CEL2? C EM M,0,
JILMUCS*OUM13*CELZCEMEMH,*EM*EMCOMP)
TANLE~sTLER (Mt)'1 ~COSPHIa~vTA/SQRYCBETA2.TANLER*.a)OTO40
Em. 5*( i ,.ANLEQ*cOSpMI)

DU141 .SrRT cSSC/COSpHI)

GO TO Qif10
40 ONT INUE
DVMP

410 CONTINUE

J 1LPsCt*DUM1 3*CEL2'CM, &* *EM*EMCOMPI
500 CONTINUE

Ce#999EQ. 60 ' T OT o

C99,..,EM1eOM IS'THE' COMPLIKENTARY PARAmE-TER To E'l

DUMtw~q*EMI*Em1COM
c99999M9S 55*S~e ALSO SEE eS 76.719

SA1MitCe *CEL2 tE041 0 I.,41 ..?.*II~

GAMIPuC7.CEL2fEMlCOMEMCOMOUM')
e..,.COMPUTING QU.#.ITIES ASSOcIATEO WITH TRAILING EDGE CONTR~OL
C, 4996PINTS AND WHICA VARY AS T4E "5PANWI8E POSITION VARfESs

COSPMI3OASQRT(STA.TANTEL*.Zl.

I"op I *MEN__



co,.EQ 68
JIMxC5*DUM1* CEL2 EM Em, 2 ,*E m*EMC omPI

TANTEI~:TTER(mp)
* IF (A~s(TANYEL+TANTERJ.LT, 1,E~b) GO TO h00

COSPHIgMFTA/SQRT (BETA24TANTFR**21
EMm,S* (1 ,-TANTEk*COSPHI)
EMCOMPa.-EM
DUMlxSQRT (BK?C/C0SPHI )**i
G~O TO 61n

600 CONTINUE
DUM?BFM
EMmEMCOMP

bin1 rONtTNUE

70 .,,CONPTINE (UANTITIES ASSOCIATED WITH INTERIOR rONTROL POINTS',

e ,**,,SI NES AND COSINErS IN EQ, 222

Jt(KL-I )*M2+TJX1MI
00 (00 800 KmKLpKLJ2

INnExmMOD(J#JJMA~i )+1
IF (MOD(JTJJMXI)+1"'INflpX)110,710,720

710 SINFS(K)sSYHETA( !NOEX)
CSINES(K)cETA( INDLY)
GO To 73n

720 SINES(K)t.STHETA( INDEX)
CSINEStK)mwETA( IND)EX)-

70JuJM?

B00 Sk eK)mSTHETA(M2)*CSINESCK)
C .,...COMPUTING. IK OF FOS, 22.I2S

00 900 KaKLKK,IKJUMP
IF(K-2) BIO,820f830

gi K(1)&C8*(CSINESc3)+c9)
GO TO 900

Bao TK(2) uC10,(2.D0*SINESC3)*SINES(2)4CSINES(3)*CSINES(?))
GO To 900

830 IF(K-3)814O,8460#850
A4~0 TKc3):C1I*r I SOSNSO*IE().D*CIE()CIEc)CIE



GO TO 900
85o DKxK

DK2mKw?
IK(K)xCI2*((DK*SINFSCK+I)*$INES(2)+CSINES(K+I)*CSINES(2))/CDK*DK-1

to DO) a (nK2*SINES(K-I)*SINES(2)+rSINES(K-I)*CSINES(2))/(DK2*OK2w

1100))
900 CONTINUE

C99900EQ9, 87
BJMxRJJ14/STHETACM?)

C,,,,,COmPUTING THE EXACT INTEGRALS OF THE IRREGUL&R

C,*,,,PARTS AND THE CONTRIRUTION TO ALFA FROM ETAimETA,
IF (NOTL) GO TO tooo

DUM720'.
DUMSMO*
li(TAN ELNETANTEL) DUMIX- 5*(TANLEL-TANTEL)/C0RDlP(M2)

IF(TANLER#NETANTER) DUMBsw:S*CTANLER-TANTER)ICORDIP(M2)
DO 950 K*KLKK*KJUMP
bUMlvJoLM*CSINFS(K)
DUM2*JOLP*CSINES(K)
nUmbuFLOATCK-I)*SINES(K)/STHETA(m2)
DOM3*JnLM*DUmb
DUm4zJlLM*rSINESfX)
DUMS*JOLP*DUM6
DUMbxJiLP*CSINFS(K)
DO 950 NxlNmAX
IRREGE(jsjpNoK)vGN4(N)*DUMl
IRREGE(2#IpN*K)vGNL(N)*DUMP

IRREGE(lp2oNpK)MOGN4(N)*DUM3+GPNL(N)*DUM4+DUMI*IRREGE(IplpNoK)
IRREGEf2o2pN#K)*GNL(N)*DIJMS+GPNL(N)*DUM6+DUMB*IRREGE(2plpNpK)

coosesEc st
AL;A(NKtl)sIRREGE(IltpN#K)*GAM3M+IRREGE(2pl#N#K)*GAM3P*IRREGE(to2
IPNOK)*GAMIM*IRREGE(2#2#N#K)*GAMIP+BJM*SKCK)*HNYZRO(Not)-

9Sn CONTINUE
1000 IF(NOTI) GO TO. lloo

88C2 a BBC**2
00 IOSO P&PLPU
00 1050 NxlNmAx
IRREGI(NpP)2,S*BBCP*DHNDX(N#P)



DO i0S0 KauKKpKJUmP
t...osa 26

ALFA(NO(,P)uIRRtGIfN1P).!IK(K),AJM*SKCK)*HNYZRO(NP)
1050 CONTINUE
1100 IFfNOTT) 60~ To 1200

DO 1150 KaKLgKKKJUMP
DUMjvmCS!NFS(K)*J1 TM
DUM2:.CSINFS(K)*J1 TP
DO 1150 N8I 9NMAX
IRRFGFelv3,N#K)*DUMj*;NT(N)
IRREGE(2,3pN#K)vDUM9*GNT eN)

ALFA(N'JKPP)gRRGEc1D3uND9)*GAM1M,!RREGE(2p3pNI()*GAMIPBJM*tKeK)
V HNZRO(CNPPP)

llSfl tONTINUE
1 1200 CONTINUE

JL:MOQ(MPPTJRATQI+JRATIO
C***** START OF SPANWISE INTFGRATION **

%n DO 1600 JXJLoJJMAX TJRATO
C ... o,DETEkMINING SK(ETA')p EQ, 19

L*(KL-1 )*J4.TJXlMI
L U MP uJ *XJ UMP
DO 136n KaKL.,KKKJ(MP
INflrwwMOn(L#JJMA~1 )*1
SK(K)uETA(,IN0EX)*5THETA(J)

IFCMODCL, TJJmX1 ),+.GT, INnEX) SKCK)uwSK(K)
13b0 LWL+LJtJMP

DE TAsE TA CM2) .E TA (J)
DETA2*DETA*DETA
SJm 5 STIIETA(J) /('kjj1 DETA2)
YwTBE TA/CORDTP eJ )*DE TA

C.:::: MIIN TH.E MINIMUM NUMPER OF CHORDw4SE INTEGRATION

RLLMIN%,O6adG/cyi+,&0755)

AB&ETA*DAB3(OETA)

DELTAmDELC0N/(SNGL ~.9JM) )**fPS



DLJM2uZ..CORDIPCJ)
DUMtuDUM2*CK$ILZPCM2)"X8!LZP(J) v.1.
DUM2mOUM2*CORD!P CM?)
SOET AS#SQRT(CA8DE 1A) *STHETA('J)

!F (DETA*LT,0*D0)Tv2
IFCNOTL) GO TO 142
XoDUMl
CALL INFFUN
LTOTPC I)'2LTOTAL+LTOTPC*j)
IFcNINT) NINTP(1)*LTOTAL
00 1400 KaKLpKKKJUMP
DO 1400 NaINMAX

C940f * 61 Op 62

AA(NK ) aALPA CN, K, 1) ,JM* (SK CK) *HNN)SK

14400 CONTINUE
9U", 1420 IF (NOI) GO TO 1440

DUM3xDE TA2* AL OG ABOETA )
DO 1436o PNPL.PUJ
XaDVHI ,DUM2*CHICP (P)

CALL INFP'UN
LIO (IN)NITTPLLTOTALP

DO 1430 KoKLeKK#KJUMP
DO 143m NaINMAX

1430 ALFACNKP)*ALFA(N#K#P) + RJM*SK(K)*(HHNcN).?RRFGI(NoIP)*rDUMS)
1440 IF (NOTT) GO TO 1460

XvDUMj 4DLMZ
CALL INFFUN
L OTP PP)v TOT AL*L TOTP PP)
IFtNINT) NINTP(PP)tLTOTAL
DUMUNABDETA*SDETAS
DO 14SO XBKL,KKpKJUMP
DO 1450 NoI.NMAX

C.,...FO. I1 OR 72
OSKHNsuRREGE CI#3fN#K)*DUM4

1450 ALFACNKPP)sALFACNKPP)+IJM (SK(K)*HHNCN)UfSKHN)



1460 CONTINUE
IF(NINT) WRITE(U6,8) (NINTP(P),PaIPP)

1600 CONTINUE
** , ******* SPANWISE INTEGRATION FINISHED **********

C
C.....CHANGING TO MODES SKUSINCK*THETA)

C
IFcKK,FQ,1) GO TO 1609
KLasKL*2
Do 1608 P:1,PP
DO 1608 N3a,NMAx

,IF(MODES,NE,0) ALFA(N2,P)*2,*ALFA(N*2#P)
IF(KK,LT,3) GO TO 1608

O 1606 KIKL2,KK,KjUMP
1606 ALFA(N,K,P)3?,*ALFA (NoKP)+ALFA(NKw2pP)
1608 CONTINUE
1609 CONTINUE

C,,,,,END OF CHANGING MODES

IF(INFSTO,NE,0) GO Tn 1610
NROWpaPP*M
NROWIXNROW2-PPe,

C
c,,,,,THE INFLUENCE MATRIX IS STORED AS SINGLE PRECISION

00 1605 Put,PP
00 1605 KaKL,KKKJUMP
00 1605 NUINMAX

1605 ALFA2(N KP)sALFA(NeKpP)
WRITE(Ult) (((ALFAP(NKP),N1,pNMAXIKaKLKKKJUMP),PaIpPP)
WRITFfU6.5)NROWiNROW2

1610 IF(IWRITE,EQ,0) GO TO 1650
DO 1630 Pal,pp
WRITE(U6,2) ETAMSCICP(P),LTOTP(P)
DO 1630 KoKLKK,KJIIMP
WRITE (U6,3) K,P
WRITE(Ub6,) (ALFA(NKp),NiNHMAX)

1630 CONTINUE



165o CONTINUE
DO 1160 Pal,PP
GTOTALoGTOTAL*LTOTP(P)

1160 CONTINUE
2000 CONTINUE

WRITE(U6,6)GTOTAL
RETURN

I FORMATC22HISTARTING 2000 M LOOP //1
2 FORMAT(SHOETAs, F1O,7, 6H CHI, F97, 13 H *INTPTS,x #IS)
3 FORMAT (9H (ALFA(No ,I2 tIH, , 12, IIHpNl1,NMAX))
a FORMAT (tX,Fl,7,3Fj5S7)
S FORMAT(5SHOROWS 0l3,lIHi 12, 17H HAVE BEEN STORED )
6 FORMAT(20HOINT, POINT TOTAL a ,1 )
7 FORMAT(4HOn M ,13)
A FORMATrtX, 2615)

END
SUBROUTINE INFFUN

C.,,,.THIS SUBROUTINE DETERMINES THE PRESSURE MODE INFLUENrE

C, ,*,,FUNCTIONS, WHICH ARE THE INTEGRAL ON ( I I) OF

C,,,,, HN(XP)*KBARCXOXPeY)/2,
C,.,,,HN ARE THE VAN SPEIGEL CHORDWISE FUNCTyONS

C,.,,,THE INTEGRATION IS DONE REPEATEDLY WITH

C,.,,,TWICE AS MANY INTEGRATION POINTS EACH TIME

C.,*,,UNTIL EITHER THE MAXIMUM CHANGE IS LESS

C.,,,,THAN DELTA AND LL,GE.RLLMIN OR UNTIL LLsLLMAxI.

Co...,LMIN IS THE STARTING NUMBER OF INTEGRATION POINTS,
C,,,,,NESTING IS USED SO THAT AFTER THE FIRST INTEGRATION THE

C,*,,,VALUES OF KBAR NEED ONLY BE DETERMINED AT

C..,,EVERY OTHER STATION,
C,,,,,THE INTEGRAL IS COMPUTED USING THE QUADRATURE FORMULA
C.,,,,OF PROPLEM 37, P, 64 OF HILDEBRANDIS NUMERICAL METHODS,

C,,,,,LLMAX (LMIN+1)*2**(LPwR.t)*t
DOURLE PRECISION SUM,PI
DIMENSION G(10t512)#,XP(512)HHN(10),HHNRCIO)DSUMC(O)#DIFFN(O)
REAL KBAR
INTEGER U6
LOGICAL SUPRESNOCCI
COMMON Py



COMMON LLMAXLPWRLLMINLLMAXIGXPXYSDELTAHHNpNMAXSUPRESNOC
ICI,RLLMINUhLTOTAL
XMXPx +1,
KBAR(1,+XMXP/SGRTiXMXP*XMXP+YS))/2,
DO 10 NatNMAX
SUM(N)mK8AR*G(NLLMAXj)

10 HHN(N)sO,
20 CONTINUE

LLsLLMIN*t
LJUMPaLLMAXt/LL
LJUMP 2LJUMP

C.,,,,,EACH PASS THROUGH THE J LOOP REPRESENTS A CHORDWISE
C.,,,,INTEGRATION

DO 200 Jal,LPWR
C,,,,PREVIOUS RESULTS ARE SAVED IN HHNR,

00 30 NIt,NMAX
HHNR(N)(HHNCN)

30 CONTINUE
V C,,,,,LL* NUMBER OF INTEGRATION POINTS INCLUDING THE

C,,,,,ONE AT THE LEADING EDGE,
DO 15I LtLJUMP,LLMAX,LJUMPP
XMXPZX-XP(L)
KBARlI,+xMxP/SGRT(xMXP*XMXP+YS)
00 150 Nv1,NmAx
SUM(N)xSUM(N)+KBAR*G(NL)

ISM CONTINUE
RLLgLL
LJUMP2cLJUMP
LJUMPsLJUMP/2
DIFFso
DO 170 NmI,NMAX

C...,,,,THE FOLLOWING STATEMENT INSURES THAT ONLY HHNIS COMPUTED
C,,,,,WITH A CERTAIN DEGREE OF PRECISION wILL RE USED IN THE
C.,,,,COMPARISON CONVERGENCE TEST,
C.,,,,HHN(N) WILL x HHNINF(N) UNTIL THE REQUIRED DO,P, IS
C,.,,,OBTAINED,

IF(LL-N,LT,-1)GO TO 175
HHN(N) SUM(N)/RLL
DIFFN(N)xARS(MHNR(N)-HHN(N))



170 DIFFeAMAxI(DIFFpDIFFN(N))
175 LL:LLLL

180 CONTINUE
IF (DIFF ,LT, DELTA ,AND RLL,GE.RLLMIN) GO TO 300

200 CONTINUE
LTOTALzLL/2
IF(SUPRES)RETURN
WRITE (U6oi)
GO TO TO 305

300 CONTINUE
LTOTALxLL/2
IF(NOCCI)RETURN

305 WRITE (U6b2) XVYS, ELTALTOTALg(DIFFN(N),Nt1,NMAX)
RETURN

I FORMAT(///s THE CHORDWISE INTEGRATION FAILED TO CONVERGE')
2 FORMAT(O X siFl156,i YS uiF5,6b/i DELTA Ifi12,8,t N

IUMBER OF INTEGRATION POINTS :,tIS5/ DIFF i,S5F12,8/8X,SF12,8)
ENO
SUBROUTINE INITAL(CWTYPEoPP)

C....,THIS SUBROUTINE COMPUTES ,G,, THE VALUES OF THE

C,,,,,CMORDISE PRESSURE MODES EVALUATED

C,,,,,AT POSITIONS GIVEN BY THE ARRAY (XP), OHICH IS ALSO COM.

C.,,,EACH MODE HAS BEEN MULTIPLIED RY PI/p*SIN(PHI).

C.,,,,THIS VERSION IS FOR THE VAN SPEIGEL PRESSURE MODES.
C,,,,,OUANTITIES ARE DETERMINED AT EACH xP a -COS(PHI),

C,,,,PHI TAKES ON THE VALUES DPHIE2*DPHI,,..,LMAX*DPHI,
C.,,.,AND THE LAST VALUE IS PHI : 0 (I,E., XP(LMAX*+)w-tl),
C.,,,,SIMILARLY G(NL)WTHE VALUE OF G FOR PHIWL*DPHI,

C.....,,,,EXCEPT THAT G(NPLMAX+I)uTHE VALUE FOR PHIgO,
C,,,,,OIMENSION AS G(NMAXtMAX),XP(LMAX+1)

MIMENSION G(top512),xP(512),HHN(10)
COMMON PI
COMMON LMAX,LPWRALMINL.MAxItGPXYSpDELTAHHNNMAX
COMMON SUPRES,NOCCI,RLLMINU4,LTOTAL
DOUBLE PRECISION PI,DPHIPHICNLCNMIL,CNM2L
INTEGER TLMAXI,CWTYPE,PPUA
LOGICAL SUPRES,NOCCI
DATA LMXMX /511/LMAXNMAXR/NMA0/
IF (LMIN,GT,0)GO 10T



LMINmI
IF(CW~TYPE)Ib?,3

pIF(PPGT.P)LMINPPw2

GOTO a~

LMA:xM1 N0'LAXLMXmX)

IF (LMAXEAQ,O)LMAX3LMXMX
LMAKUMAXO (LMTNoLMAX)
DO 5 Kol,20
LPWR*K
TLMAXlvLMAXI+LMAXt
IFCTLmAXl.qT.LMAX41)(n TO h

5 LMAxtmTLMAXI
6 LMAXxLMAxjwj

IF(LMAX.EU.LMAXR *AND, NMAX.I.EqNMAXR)RF-TURN
M MA Ru at, MA X

un NMAXRoNMAX

DPHIZPI/DFLOAT CLMAXI )

C.,.,CO'MPUTING THE ARRAY *XPO
DO 10 Kal PL2

L3xLMA~l wK

XP(L5)nDCOS(DFLOAT(K)*DPHI)
XP( K)BOXP(LlQ

10 CONTINUE
xp(L 2)2O
XP(LMAXI )xl

C.....COMPUTING THE ARRAY '*G,, ALL THE NECESSARY

C69,69.NUMBERS HAVE BEEN COMPUTED AND ARE CONTAINED IN * xpof

C .....,IT IS ONLY NECESSARY TO COMR!.NE THEM IN THE APPROPRIAT,

CososA N NER '

CNM2Lsl
NL'MIRLa1
INDEXBL
CNMILU.XP( INnEX)



Gtl(L)cl+CNMIL
IF(NMAX,E9,I) GO 0O bO
D0 50 NwZNMAX
NLMIsN*L-I
TNDEXaMODNLMI#LMAXI )1
CNL*XP(INDEX)
IFPINDEX ,EQ, MOD(NLMtTLMAXI)+I) CNLo.CNL

G(NL)a(CNM2L-CNL)/2,DO
CNMZLmCNML
CNMiLmCNL

50 CONTINUE
60 CONTINUE

G(jpLMAXt)v2
IFPNMAX ,EQ.1) GO TO 80
DO 70 Ns2,NMAX
G(NLMAX)sO0

70 CONTINUE
80 CONTINUE

RETURN

r ENn
SUBROUTINE INFZYCX,NMAXHHN)

C

C,,,,.THIS SUBROUTINE COMPUTES THE INFLUENCE FUNCTIONS FOR YwO,

c.,,,,THIS VERSION OF THE PROGRAM IS FOR THE VAN SPEIGEL MODES,
DIMENSION MHN(NMA*)
DOURLE PRECISION PHIDNSNSNMISNM2,TOPIPI
DATA TOPI /,6366197723DO/PI/3'I14IS9265358 793 00/
PHI*DARCOSt(DBLE())

SNM2vDSIN(PHI)
HHN(I)xTOPI*PHI+SNMp)
IF(NMAX ,LT, 2) RETURN
SNM1.DSIN (2,DO*PHI)/2,DO
HHN(2)t(PHI*SNMI)/PI
IF(NMAX ,LT, 3) RFTURN
DO 10 Nx3,NMAX
DNaN
SNsDSIN(DN*PHI)/DN
HN(N)n(SNMe.SN)/PT
SNM2mSNMI



SNMjISN
to CONTINUE

RETURN

FUNCTION CELPZPAB)
C *sK**22 PARAMETER OF THE ELLIPTIC INTEGRALS

GEOu ..Z
IF(GFn)1,Z,s

1 RETURN
c SET RESULT VALUE 3 OVERFLOW

3 CEL2w1i,E3A
RFTURN

4 CEL2mlE38
RFTURN

5 CELPwA
RETURN

mC COMPUTE INTEGRAL
A A GEOSQRT(GEO)

ARIul,
AAxA
ANaAB*
WaB

7 WWO+AA*GEO
W*W+W
AAxAN
AARIaARI
ARI*GEO+ARI
ANvW/ARI+AN

C TEST OF ACCURACY
IF(AARI-GEO-oEw4*AARI)Q,9,$

A GEosSQRT(GEO*AARI)
GEOwGEO+GEO
GO TO 7

9 CEL2,.7853 9 8 2 *AN/ARI
RETURN
EN r


